The standardized ileal digestible valine-to-lysine requirement ratio is at least seventy 
INTRODUCTION
In the past, protein-rich diets have been used to ensure that the supply of essential AA met or exceeded the nutritional requirement of the pig. The availability of crystalline AA allows the dietary CP supply to be reduced while ensuring the supply of essential AA. This approach not only may have nutritional implications, but also has been reported to increase feed efficiency and reduce N excretion into the environment (Dourmad et al., 1999) and to limit the incidence and severity of enteric pathologies (Ball and Aherne, 1987) .
The requirements for essential AA are often expressed relative to that of Lys on a standardized ileal digestible (SID) basis. The optimal AA profile in relation to the requirement for maximizing performance is referred to as ideal protein (Wang and Fuller, 1989; Baker, 2000) . Lysine, Thr, Met (and Cys), and Trp are often considered the first 4 limiting AA for growing pigs. According to some authors, Val (Mavromichalis et al., 1998; Figueroa et al., 2003) or Ile (NRC, 1998; Liu et al., 2000) are among the next limiting AA for growing pigs after those cited above. Some work has been reported on the Val requirement of nursery piglets (Mavromichalis et al., 2001; Theil et al., 2004) or finishing pigs (Lewis and Nishimura, 1995) . However, the experimental conditions vary widely among studies and the variability of the results makes it difficult to reach a consistent conclusion among studies.
The present study is part of a project to determine the Val and Ile requirements in postweaned (12 to 25 kg) piglets, and the results reported here concern the Val requirement. To express the requirement of an AA relative to Lys, it is essential that the Lys supply is limiting performance after the AA requirement under study (Boisen, 2003) . The strategy was first to identify a Lys concentration below the requirement and then to use this Lys concentration in subsequent studies to test the response of piglets to an increasing Val supply.
MATERIALS AND METHODS
Experimental procedures and animal care were carried out according to current French legislation, and authorization to experiment on living animals was provided by the French Ministry of Agriculture (certificate numbers 35-64 and 7704 for Ludovic Brossard and Jacob van Milgen, respectively).
Experimental Design and Diets
Litters of Pietrain × (Large White × Landrace) barrows and gilts obtained from the experimental herd of INRA in Saint-Gilles (France) were used, and procedures were similar for all experiments. Piglets were weaned at 28 d of age (8.5 ± 1.0 kg of BW) and received a commercial starter diet. The pretrial period began on d 8 postweaning (10.1 ± 1.3 kg of BW) when piglets were allotted to uniform blocks based on sex, BW, and genetic origin (siblings or half-siblings), and housed individually in cages. Piglets continued to receive a commercial starter diet, which was progressively replaced (during d 10 to 12 postweaning) by the experimental diets so that from d 13 postweaning onward, all piglets were offered the experimental diet only. During the pretrial period (d 8 to 14), feed and water were offered ad libitum.
The experiments began on d 15 postweaning and lasted 21 d (11.7 ± 1.4 kg of initial BW). During the experiment, the temperature in the rooms was decreased weekly from 28°C in the first wk to 24°C in the last week. During the first 2 experiments, piglets within the same block were offered the same quantity of feed, which was slightly below their ad libitum intake, using a voluntary feed intake curve obtained from data from previous experiments (same genotype in the same facilities). Feed distribution was adjusted every 2 or 3 d depending on the actual feed intake. Because of the complexity of adjusting the appropriate quantities of feed (and because of feed refusals), this approach was abandoned for the last 2 experiments, and piglets were offered feed ad libitum. During all experiments, water was freely available from low-pressure nipple drinkers. Feed refusals were collected daily during the first 2 experiments and at least once per week for the last 2 experiments. Representative feed samples were taken weekly and the DM content of these samples was determined. At the end of each experiment, weekly feed samples were pooled. Pigs were weighed after an overnight fast at the beginning and at the end of the experimental periods to determine the ADG for the 21-d period. To verify animal performance during the experiment, piglets were also weighed weekly, but without an overnight fast.
Diets were formulated on an as-fed basis and were all based on a corn, wheat, and barley mixture (in a fixed ratio of 3:1:1), soybean meal, and crystalline AA (Table  1) . The supply of AA other than Lys, Val, and Ile met or exceeded the current French recommendations expressed on an SID ideal AA basis (Henry, 1993; Sève and Le Floc'h, 1998) .
Experiment 1 was performed to identify a basal diet deficient in Lys supply, which could be used in the subsequent experiments. Forty-eight piglets (barrows and gilts with an average initial BW of 12.1 ± 1.1 kg) were used and allotted in 16 blocks of 3 piglets each. Three diets with similar NE contents but with different Lys or CP contents were formulated: a low-CP diet providing 17.2% CP and 1.0% SID Lys (diet A), a low-CP diet providing 17.8% CP and 1.2% SID Lys (diet B), and a normal-CP diet providing 21.5% CP and 1.2% SID Lys (diet C; Table 2 ). All diets were formulated to maintain dietary Ile, Val, Thr, Met, Met + Cys, Trp, and Leu supplies equivalent to or exceeding current French requirements, which are 60, 70, 65, 30, 60, 21.5 , and 100% of the SID Lys supply, respectively (Henry, 1993; Sève and Le Floc'h, 1998) .
The second experiment was conducted to test the hypothesis that the performance of piglets receiving a diet deficient in Val, Ile, or both would be decreased compared with the performance of piglets receiving a diet adequate in both AA. For this purpose, 4 different diets were used in a 2 × 2 factorial arrangement of treatments, with diets containing 57 or 70% SID Val:Lys in combination with 50 or 60% SID Ile:Lys. All diets were formulated to provide 1.0% SID Lys. It was hypothesized that diet A would be limiting in both Ile and Val supply, diet B in Val supply only, and diet C in Ile supply only, whereas diet D would not be limiting in Ile or Val supply. Sixty-four barrows and gilts with average initial BW of 10.6 ± 0.8 kg were divided in 16 blocks of 4 piglets each. Each piglet within a block received 1 of the 4 diets. At the end of the experiment and before the last weighing, a blood sample was taken from 20 pigs (5 blocks) for plasma AA analyses. These blocks were selected to represent both sexes and a variety of initial BW, and health status (absence of diarrhea) was also taken into account for the selection of the block. Blood was collected after an overnight fast from the anterior vena cava into 10-mL heparinized tubes (150 USP heparin, Terumo Europe N.V., Leuven, Belgium). Samples were centrifuged (3,000 × g at 4°C for 10 min) and plasma was collected and frozen (−20°C) until analysis could be completed. After bleeding, these animals were slaughtered by electric stunning without scalding and dehairing. The carcasses (without head and viscera) were frozen and subsequently ground and minced. Samples were taken, freeze-dried, and analyzed for AA composition.
The third experiment was designed to test the feed intake and growth response of piglets to an increasing supply of Val by using 2 different sources of l-Val dif- Values for ME and NE were calculated according to Noblet et al. (1994) .
5
Standardized ileal digestible Lys, calculated from the feed ingredients (Sauvant et al., 2004) .
Valine-to-lysine requirement ratio in piglets fering in the degree of purity. A total of 75 barrows and gilts with average initial BW of 11.2 ± 1.2 kg were used and allotted in 15 blocks of 5 piglets each. A control diet (diet A) was formulated to be limiting in Val supply (58% SID Val:Lys). Four other diets were formulated by supplementing the control diet with 1 of the 2 sources of l-Val at 2 different concentrations (diets B and D provided pharmaceutical-grade l-Val and diets C and E provided feed-grade l-Val). The concentrations of supplement were chosen so that both sources provided the same quantity of Val. Even at the greatest concentration of supplement, the Val supply was expected to be the first-limiting AA according to current recommendations (Henry, 1993; NRC, 1998; British Society of Animal Science, 2003) . Pharmaceutical-grade and feed-grade l-Val contained 99.0 and ≥95% l-Val, respectively. A correction factor was included in the statistical analysis to account for the difference in Val contents between the 2 sources of l-Val.
The fourth experiment was a dose-response study with 5 concentrations of Val to determine the Val requirement in piglets. The response criteria were ADFI, ADG, and G:F. Seventy-five barrows and gilts (15 blocks of 5 piglets each) with an average initial BW of 12.8 ± 1.2 kg were used. Five diets were formulated to contain 60, 65, 70, 75, or 80% SID Val:Lys. All diets contained 1.0% SID Lys with a SID Ile:Lys of 55%, and diets differed in the quantity of feed-grade l-Val added to the basal diet. At the end of the experiment, blood samples were collected after an overnight fast from 30 pigs (6 blocks) as described previously for Exp. 2, to determine plasma AA and plasma branched-chain ketoacid (BCKA) concentrations.
Chemical Analyses
The DM content was determined in representative feed samples and carcasses according to the method of AOAC (1990) . The N content in the feed and carcasses was determined according the Dumas procedure (Leco 3000, Leco Corporation, St. Joseph, MI). Feed samples were also analyzed for ash, crude fat, crude fiber, GE (IKA C5000, IKA, Staufen, Germany), NDF, and ADF (Ankom 2000 Fiber Analyzer, Ankom Technology, Macedon, NY) and ADL (Van Soest and Wine, 1967).
The AA contents in the diets and carcasses were determined by a commercial laboratory (Ajinomoto Eurolysine SAS, Amiens, France) using a JLC-500/V AminoTac Amino Acid Analyzer (Jeol, Croissy-surSeine, France) after hydrolysis with 6 N HCL at 110°C for 23 h under reflux. The Cys and Met contents in diets were determined after performic oxidation before hydrolysis. The Trp content in diets was determined after hydrolysis at 120°C for 16 h with barium hydroxide and separation by reverse-phase HPLC and fluorometric detection. Plasma AA concentrations for Exp. 2 were determined by ion-exchange chromatography with physiological fluid analysis conditions (Ajinomoto Eurolysine SAS, using a JLC-500/V AminoTac Amino Acid Analyzer, Jeol). Tryptophan in plasma samples was analyzed by reverse-phase HPLC and fluorometric detection. Plasma AA concentrations for Exp. 4 were determined at the INRA laboratory by ion-exchange chromatography (Biotronik LC 5001, Biotronik, Pusheim Bahnhof, Germany) after plasma deproteinization in a sulfosalicylic acid solution combined with norvaline as the internal standard. A separate run was performed to analyze free tryptophan by reverse-phase HPLC and fluorometric detection.
Plasma α-ketoisocaproate (KIC), α-ketoisovalerate (KIV), and α-keto-β-methylvalerate (KMV) were obtained according to the method of Pailla et al. (2000) . The quinoxalinol derivates obtained by HPLC were detected by monitoring fluorescence emission.
Statistical Analyses
Data were subjected to ANOVA or regression by using PROC MIXED or PROC NLIN (SAS Inst. Inc., Cary, NC). The statistical model in ANOVA included diet and sex as fixed effects and block as a random effect for all experiments. To test the response of both sources of Val, a slope-ratio analysis was carried out (Ratkowsky, 1983) . In Exp. 4, the response to an increasing Val supply was analyzed by linear-plateau and curvilinear-plateau models as described by Robbins et al. (2006) . Models were parameterized to include the SID Val:Lys requirement (i.e., the minimum Val:Lys supply required to attain the plateau), the response at 60% SID Val:Lys relative to the plateau value, and a Corresponding to testing the effect of the diet. Within a row, means without a common superscript differ (P < 0.05).
plateau value for each block (i.e., the model included 1 + 1 + 15 = 17 parameters).
RESULTS
Piglets generally appeared to be in good health throughout all experiments. Occasional cases or diarrhea occurred, without an apparent relation to experimental treatments. Piglets were treated with colistin sulfate (CEVA Santé Animale, Libourne, France), sulfamethoxazole-trimethoprim (Vétoquinol S.A., Lure, France), or both.
During Exp. 1, feed was offered slightly below the ad libitum feed intake capacity to ensure similar feed intakes for piglets within a block. Despite this effort, some feed refusals occurred, but feed intake was not affected by the diet (P = 0.18). The ADG and G:F of piglets receiving the diet containing 1.0% SID Lys was less (P < 0.01) than that of piglets receiving diets containing 1.2% SID Lys at low or normal CP (486 vs. 530 g for ADG and 0.59 vs. 0.65 for G:F). No difference in ADFI and ADG was observed for piglets receiving diets providing 1.2% SID Lys at low or normal CP.
In Exp. 2, feed was also distributed slightly below the expected ad libitum feed intake capacity, but some feed refusals occurred. The ADFI, ADG, and G:F (P < 0.01) were affected by the diet (Table 3) . Both ADFI and ADG were increased in piglets fed diets containing 70% SID Val:Lys, irrespective of the concentration of Ile (50 or 60% SID Ile:Lys). However, ADFI, ADG, and G:F were not affected by Ile concentration. Plasma Val, ornithine, and 1-methylhistidine concentrations were less in piglets receiving diet A (57% Val:Lys and 50% Ile:Lys) compared with piglets receiving the other diets (P < 0.04), whereas the Ser concentration was greater (P = 0.05). The correlations between Val and Ile and Leu were 0.88 and 0.96, respectively (P < 0.001). High (r > 0.60; P < 0.001) positive correlations were also observed between the 3 branched-chain AA (BCAA) and Phe, Tyr, His, citrulline, ornithine, Arg, and urea, whereas high negative correlations (|r| > 0.45; P < 0.05) were observed between BCAA and Ser and Gly. The AA content of whole-body protein was not affected by the Val content of the diet. The average composition of whole-body protein (g/16 g of N) was 7. In Exp. 3, results for 3 piglets were removed from the analyses (receiving diets A, C, and E) because of erroneous feed distribution during the last week of the experiment. Increasing the Val content of the diet resulted in an increase in ADFI and ADG (P < 0.001), whereas G:F tended to increase (P = 0.07). Each percentage increase in the SID Val:Lys ratio resulted in an increase of 21.2 g in ADFI and 14.5 g in ADG (Table  4) . Comparison of the slopes with the regression analysis indicated that there was no difference between the 2 sources of l-Val for any of the response criteria (P > 0.40).
In Exp. 4, ADFI increased by 17% and ADG increased by 28% as the SID Val:Lys ratio in the diets increased from 60 to 75% (Table 5) . Figures 1, 2 and  3 show the response curves of piglets to the increasing SID Val:Lys supply as predicted by linear-plateau and curvilinear-plateau models. In the statistical analysis, a separate plateau was estimated for each block of piglets. The estimated plateaus for ADFI ranged from 700 to 995 g, those for ADG ranged from 380 to 548 g, and those for G:F ranged from 0.52 to 0.58 (Table 6 ). The data points in Figures 1 to 3 are all standardized to a situation of 800 g of ADFI, 437 g of ADG, and G:F of 0.55. For the linear-plateau model, the SID Val:Lys requirement to reach the plateau was 74, 70, and 68% for ADFI, ADG, and G:F, respectively (Table 6 ). For the curvilinear-plateau model, these estimates were consistently greater (81, 75, and 72% for ADFI, ADG, and G:F, respectively). Among the 3 response criteria, the average SID Val:Lys required to attain the plateau were 70.5 and 75.6% for the linear-plateau and the curvilinear-plateau model, respectively. The performance values (relative to the plateau value) when the SID Val:Lys was 60% were similar for both models, but differed according to the response criterion and were 87, 83, and 94% of the plateau value for ADFI, ADG, and G:F, respectively. The residual SE were similar for both models, but the asymptotic SE of parameter estimates were greater for the curvilinear-plateau model, especially for the SID Val:Lys requirement estimate. After an overnight fasting period, plasma concentrations of Val, Ile, Leu, Glu, 1-methylhistidine, and ornithine increased (P < 0.05) with increasing SID Val:Lys content of the diet (Table 5 ). In contrast, taurine and Thr (P < 0.001) concentrations decreased. The KIV increased (P < 0.001) with increasing SID Val:Lys content, but no effect was observed for KIC and KMV. The plasma KIV concentration was well correlated with the plasma Val concentration (r = 0.76), but this was less so for the other BCKA (r = 0.28 for KMV and Ile, and r = 0.22 for KIC and Leu). The Val requirements reported in the literature are summarized in Table 7 .
DISCUSSION
The current study is part of a larger project to determine the BCAA requirement in piglets from 12 to 25 kg of BW. Most studies concerning the BCAA requirements have been carried out in the United States (e.g., Parr et al., 2003; Dean et al., 2005) , and most of these studies have investigated the Ile requirement. Information on the Val requirements in piglets is relatively scarce in the literature; therefore, we focused initially on the Val requirement.
If AA requirements are to be expressed relative to that of Lys, the latter must be limiting for performance after the AA of interest in a requirement study (Boisen, 2003) . Throughout the project, we used diets of similar composition varying only in the relative contribution of a cereal mixture, soybean meal, and crystalline Within a row, means without a common superscript differ (P < 0.05). Results for 3 piglets were removed from the analyses (receiving diets A, C, and E) because of erroneous feed distribution during the last week of the experiment. Corresponding to testing the effect of the diet. Adjusted for 87.3% DM in feed.
AA. All diets also included 1% sunflower oil (diet C of Exp. 1 included more sunflower oil to ensure the same NE value for all 3 diets) and a vitamin and mineral mixture. Feed formulation was carried out so that it was possible to create basal diets largely deficient in Val, Ile, or both, with Lys being limiting thereafter. In some studies, animal proteins (e.g., blood cells or plasma, gelatin, whey, fishmeal) have been used, which have low Val or Ile contents relative to Lys (Lewis and Nishimura, 1995; Mavromichalis et al., 2001; Theil et al., 2004) . We opted for a fully vegetable, low-CP diet supplemented with crystalline AA in which the Val or Ile supply was deficient. In Exp. 1, diets with the high Lys content were formulated to contain 1.2% SID Lys, in agreement with requirements reported for nursery pigs (Yi et al., 2006) . However, both NRC (1998) and the British Society of Animal Science (2003) have proposed smaller values for fast-growing piglets (1.01 and 1.12% SID Lys, respectively). Pigs fed diets containing 1.0% SID Lys had reduced ADG and G:F compared with pigs fed diets containing 1.2% SID Lys. This confirms that a diet with 1.0% SID Lys could be used in subsequent experiments to study the Val requirement.
During Exp. 1 and 2, piglets were offered feed slightly below their ad libitum feed intake capacity. This was done so that piglets within a block (of similar origin and BW) could be offered different diets while ensuring similar feed consumption. Because of feed refusals, this Within a row, means without a common superscript differ (P < 0.05). 1 Diet A: 60% SID Val:Lys; diet B: 65% SID Val:Lys; diet C: 70% SID Val:Lys; diet D: 75% SID Val:Lys; diet E: 80% SID Val:Lys (anticipated values). Diets differed only in the quantity of l-Val included in the diet. Based on the actual Val and Lys concentrations and the estimated SID values from feed ingredients (Sauvant et al., 2004), diets A, B, C, D, and E contained, respectively, 58, 62, 69, 73, and 79% SID Val:Lys. 2 RSD = residual SD; n = 75 for intake and performance data, and n = 30 for the plasma concentration data (1 pig per pen). 3 Corresponding to testing the effect of the diet. 4 Adjusted for 87.3% DM in feed. 5 Measured after an overnight fast. 6 KIC = α-ketoisocaproic acid, KIV = α-ketoisovaleric acid, and KMV = α-keto-β-methyl-n-valeric acid, which are the keto-acids from Leu, Val, and Ile, respectively.
Valine-to-lysine requirement ratio in piglets approach was abandoned during Exp. 3 and 4, during which piglets were offered feed ad libitum. Across diets, feed intakes averaged 814, 752, 819, and 800 g/d in Exp. 1 through 4, respectively. However, the Val content in the diet affected ADFI. When the ADFI was compared for piglets receiving diets similar in Lys and Val contents (i.e., diet A in Exp. 1, diet D in Exp. 2, diets D and E in Exp. 3, and diets C, D, and E in Exp. 4, all containing 1.0% SID Lys and more than 66% SID Val:Lys), the pair-feeding applied during Exp. 1 and 2 corresponded to approximately 94% of the ad libitum feed intake.
In Exp. 2, it was anticipated that piglets receiving the diet providing 70% SID Val:Lys and 60% SID Ile:Lys would perform better than piglets receiving any of the 3 other diets (because of a deficiency of Val, Ile, or both). However, there was no difference in the performance of piglets receiving 70% SID Val:Lys, irrespective of the Ile concentration. The SID Ile:Lys concentration of 50% used in this experiment is considerable less than the current French recommendation of 60% (Sève, 1994) .
In Exp. 2, 3, and 4, piglets were offered diets differing in Val content alone or in combination with Ile. Increasing the Val content in the diet resulted in increased ADFI and ADG, whereas results for G:F varied among experiments. Results of Exp. 3 showed a linear response to an increasing Val supply up to the maximum supplied concentration of 66% SID Val:Lys. These results were confirmed in Exp. 4, in which a linear response was observed up to a supply of approximately 70% SID Val:Lys. A further increase in Val concentration did not improve performance. The slopes of the relationships between ADFI and SID Val:Lys were 21.2 and 9.0 (g/d)/(% SID Val:Lys) for Exp. 3 and 4 (up to the breakpoint), respectively. The reason for this difference between the experiments is not clear. A reduction in ADFI caused by a deficiency in BCAA has been reported by several authors. Mavromichalis et al. (2001) and Theil et al. (2004) observed that ADFI was reduced because of a Val deficiency in piglets, and similar results were observed in young chicks (Baker et al., 1996) . However, Lewis and Nishimura (1995) did not observe such an effect in finishing pigs. A reduction in ADFI has also been observed in experiments with Ile Both models were parameterized to include the SID Val:Lys requirement (minimum Val:Lys supply to attain the plateau), the response at 60% SID Val:Lys relative to the plateau value, and a plateau value for each block (i.e., the model included 1 + 1 + 15 = 17 parameters). The data presented in the figure were standardized to the average plateau value of the blocks. Valine-to-lysine requirement ratio in piglets deficiencies Dean et al., 2005) . These reductions in ADFI are often attributed to BCAA antagonism. The first 2 steps in the catabolism of BCAA (a transamination, followed by a decarboxylation) are catalyzed by common enzymes for the 3 BCAA (i.e., aminotransferase and BCKA dehydrogenase complex; Langer et al., 2000) . An excess of a BCAA may stimulate the activity of BCAA-degrading enzymes, also stimulating the degradation of the other 2 BCAA (Harper et al., 1984) . Consequently, the requirements for the other 2 BCAA may be increased. An excess Leu supply combined with a deficient Ile or Val supply often results in a considerable reduction in ADFI. A moderate excess of Leu results in a reduction of plasma Ile and Val concentrations (Oestemer et al., 1973; Henry et al., 1976; Taylor et al., 1984) and reduces ADFI and ADG (Harper et al., 1983; Harper et al., 1984; Taylor et al., 1984) . In the present experiment, the SID Leu:Lys was approximately 110%, which is slightly above current recommendations (Henry, 1993; NRC, 1998; British Society of Animal Science, 2003) . The BCAA can also compete with other large neutral AA (Phe, Tyr, His, and Trp) by using the l-system transport in the brain, which may affect the serotonin synthesis from Trp (Harper et al., 1983; Langer et al., 2000) . Henry et al. (1992) observed a significant reduction in ADFI and low concentrations of serotonin in the hypothalamus as a result of an imbalanced supply between Trp and other large neutral AA. In that study, ADFI decreased by approximately 20% when the ratio between Trp and the other large neutral AA decreased from 2.50 to 1.78%. In the present study, diets were formulated to contain 22% SID Trp:Lys while having a ratio between Trp and the other large neutral AA of approximately 6.5%. Consequently, it appears unlikely that the reduction in ADFI caused by the Val deficiency observed in the present study can be attributed to antagonism between BCAA (because of a large excess of Ile or Leu) or to a deficiency of Trp.
In the present work, the Val requirement was determined by means of a dose-response study in which the measured response was ADFI, ADG, and G:F. However, other criteria to evaluate the Val requirement have also been proposed, including plasma AA concentrations and plasma urea nitrogen. Although blood samples were taken, these measurements were complementary only to the other criteria. To avoid disturbing the piglets too much, blood samples were taken only after the experiment (i.e., after a period of fasting of at least 14 h). Consequently, these AA profiles do not reflect an anabolic state of the piglets. Plasma free AA concentrations may be increased by protein degradation, dietary intake, and de novo synthesis of nonessential AA (Melchior et al., 2004) . In Exp. 4, the Val content in the diet affected the plasma concentration of several AA during fasting, including the BCAA. Reducing the dietary Val content resulted in a much greater reduction in plasma Val concentration than for the other BCAA. In addition, the KIV concentration was affected by the dietary Val content before fasting, whereas the KMV and KIC concentrations were not affected. This suggests that the Val-sparing mechanisms (e.g., reduced catabolism) caused by a Val-deficient diet may still be present after an overnight fast. The positive correlation among the plasma BCAA concentrations may indicate that BCAA are mobilized from muscle at a similar rate after 14 h of starvation. In contrast, the weaker correlations between plasma Ile and Leu with their respective BCKA suggest that the transamination of these BCAA is not necessarily followed by a dehydrogenation. In Exp. 2, high positive correlations were observed between the BCAA and urea, citrulline, ornithine, and Arg. The latter 3 AA are all components of the urea cycle. Mitchell et al. (1968) 10 N retention 0.55% Val 81 Chung and Baker (1992) 10 ADFI, ADG, G:F, N retention 68% Val:Lys 100 Lewis and Nishimura (1995) 67 to 80 ADG, F:G, urea-N excretion, PUN
There are some indications in the literature that a deficient AA supply may lead to differences in wholebody AA composition (Batterham et al., 1990; Gahl et al., 1996) . This may be due to different deposition rates of body proteins such as myosin and actin, relative to collagen. In the present experiment, dietary Val supply did not affect the whole-body AA content in piglets. Similar results with a Val deficiency were observed by Baker et al. (1996) for poultry. The AA composition of whole-body protein was within the range of values reported by Mahan and Shields (1998) . Values for Lys, Trp, and Ile were 17 to 20% greater than the average literature values reported by Mahan and Shields (1998) . The Val:Lys, Ile:Lys, and Leu:Lys ratios for whole-body AA were 61, 51, and 94%, respectively. When the average literature data reported by Mahan and Shields (1998) were used, these ratios were 69, 50, and 108%. The values for Ile were less than the recommended dietary Ile:Lys profile [60, 54, and 58% according to Henry (1993) , NRC (1998) , and the British Society of Animal Science (2003), respectively]. Differences between the recommended dietary AA (relative to Lys; Table 7 ) and body AA may be due to differences in maintenance AA requirements or to different efficiencies of AA utilization. The contribution of maintenance to the total AA requirement is relatively small (typically less than 10%). Because the 3 BCAA share the same enzyme complex involved in the irreversible step of BCAA catabolism, it seems unlikely that the marginal efficiency can be very different between the 3 BCAA.
The reduction in ADFI explained a considerable part, but not all, of the reduction in ADG. With increasing Val content of the diet, G:F also tended to be increased. At identical feed intake, one would expect that an AA deficiency would lead to less protein deposition and that the AA not used for protein deposition would be deposited as lipid. An AA deficiency would thus result in less BW gain and G:F. In the absence of an AA deficiency, reducing feed intake is known to reduce lipid deposition to a greater extent than protein deposition (Quiniou et al., 1995) . During feed restriction, leaner growth has a positive impact on the G:F, whereas the increasing contribution of maintenance has a negative impact.
When ADG was used as a response criterion, the estimated Val requirement was 70% SID Val:Lys according to the linear-plateau model. However, the requirement was greater when estimated with the curvilinear-plateau model (75% SID Val:Lys). The curvilinear-plateau model also gave consistently greater estimates for the other 2 criteria. The linear-plateau model assumes a constant efficiency of AA utilization below the breakpoint, whereas the curvilinear-plateau model is based on the concept of diminishing returns, where (below the AA supply to attain the plateau) the efficiency is a linear function of the nutrient supply (Gahl et al., 1994) . There are conflicting reports on which of these models provides the best statistical fit (Robbins et al., 1979; Fuller and Garthwaite, 1993; Coma et al., 1995) . As indicated by Pomar et al. (2003) , when linear-plateau models are used for individual animals, a curvilinearplateau response will be observed for the population. The precision of the requirement estimates (as indicated by the asymptotic SE) was greater for the linearplateau model than for the curvilinear-plateau model. This is, of course, partly due to the model structure, especially if the curve is relatively flat. The response increase predicted by the curvilinear-plateau model is relatively low above 70% Val:Lys. The difference in requirements estimated by the 2 models as well as the differences between the response criteria illustrate that "requirements" should be interpreted with caution. The requirement estimated by the curvilinear-plateau model includes a large margin of security, and using a SID Val:Lys supply that is 4 to 5% less than the requirement would have little impact on performance. However, such a strategy does not hold for the linear-plateau model, and providing less than 70% SID Val:Lys rapidly results in a reduction of feed intake and growth.
The Val requirement for piglets estimated in this study (i.e., at least 70% SID Val:Lys) is similar to the SID Val:Lys requirement for pigs proposed by INRA (Henry, 1993; 70% SID Val:Lys) and the British Society of Animal Science (2003; 70% SID Val:Lys) and is greater than that proposed by NRC (1998; 68% SID Val:Lys). Relatively little information is available in the literature concerning the Val requirement in piglets or growing pigs. The reported results vary widely in the way the Val requirement is expressed (e.g., content in the diet, apparent or true ileal digestibility, relative to energy, relative to Lys; Table 7 ). The experimental design determines, to a large extent, how AA requirements can be expressed. The protein and AA requirement (expressed as a fraction in the diet or relative to energy) typically declines during growth because the protein deposition increases less than feed intake. Because this implies the use of different requirement values (for different BW), most nutritionists prefer to express the AA requirement relative to Lys by using a single value for each AA and assuming that the requirement of the AA relative to Lys does not change over time. It is inappropriate to express the values relative to Lys when Lys was not the second factor limiting performance in the study (i.e., after Val), because it would underestimate the Val:Lys requirement. The NRC (1998) reports the AA requirement by using different modes of expression. For this reason, we expressed the requirements reported in the literature relative to those reported by NRC (1998) so that different literature values can be easily compared. Older studies apparently reported a smaller Val requirement compared with more recent studies. Part of this, of course, is because pigs were fatter and the Val requirement was reported on a total basis. The Val requirement in more recent studies appears slightly greater than the requirement recommended by NRC (1998) , and the results of our study confirm this. In conclusion, averaging the results from the present study among response criteria and analysis models, the Valine-to-lysine requirement ratio in piglets
